Abstract: Venom immunotherapy (VIT) is an adequate model to explore the immune mechanisms underlying this type of treatment. We have investigated the use of protein arrays to detect variations in the levels of cytokines in patients receiving VIT. In the present study we selected 11 non-atopic patients with systemic reactions after Hymenoptera sting that received VIT during at least three years. In order to evaluate the success of VIT all of them should have tolerated a sting field after VIT. Serum samples were obtained before initiating VIT and after at least three years of successful VIT. We analyzed 42 serum proteins corresponding to a Th1/Th2 panel using protein array methodology. We observed a significant increase of Interleukin 10, Myeloid Macrophage Colony Stimulation Factor, Macrophage Derived Chemokine, Interleukin 1-, Vascular Endothelial Growing Factor and Stem Cell Factor serum levels after successful VIT. We discuss the usefulness and normalization of this array method to analyze cytokines and other serum proteins. Monitoring these serum cytokines could help to predict the response and to elucidate the mechanisms underlying immunotherapy.
INTRODUCTION
Hymenoptera hypersensitivity has not only served as a clinical model of anaphylaxis but also to explore mechanisms underlying specific immunotherapy. Several classic immunological changes that appear during immunotherapy have been clearly demonstrated in patients undergoing venom immunotherapy (VIT), for example the increase in venom specific Immunoglobulin G (IgG) levels or the changes in the affinity of IgG and Immunoglobuline E (IgE) antibodies [1] . In addition, changes in the cytokine pattern [2] and the induction of T-cell unresponsiveness during VIT [3] have been described. More recent studies have reported the induction of Interleukin -10 (IL-10) and Interferon alpha (IFN ) in patients treated with VIT [4] and the appearance of regulatory T cells during the course of VIT [5] .
The array methodology consists in an ordered immobilization of multiple biomolecules in a tiny solid surface, allowing their identification and quantification, and therefore the acquisition of a huge quantity of information in a single experiment. The first arrays were designed to obtain information about the expression of several genes through the quantification of the corresponding RNA transcripts [6] [7] [8] . Rapidly, several modifications were introduced and protein arrays appeared [9] . This methodology has allowed to study multiple proteins from different biological samples, to investigate complete proteomes and to design diagnostic applications [10] [11] [12] [13] .
The use of protein arrays in the field of asthma and allergy is an attractive challenge since these entities are multi-factorial inflammatory diseases in which the release of hundreds of proteins does occur. It has been reported an urgent need to identify and validate predictive biomarkers that can be used to monitor allergen immunotherapy [14] . In this study, we decided to investigate the use of protein arrays to detect variations in the serum level of a specific panel of Th1/Th2 (type 1 helper T cells / type 2 helper T cells) cytokines during the course of successful immunotherapy. This could help to predict the response and to further elucidate the mechanisms underlying immunotherapy.
MATERIALS AND METHODS

Patients
Patients that strictly fulfilled the following requisites were included in the study: (i) a previous diagnosis of systemic reaction to hymenoptera sting; (ii) the time course of VIT was at least three years of specific VIT to the hymenopter that produced the reaction; (iii) after at least three years of VIT a field sting with the involved hymenopter should have produced no systemic reaction; (iv) negative skin prick test to a battery of aeroallergens in order to avoid atopy as a possible confounding factor. All patients were 18 years older and signed an informed written consent. The study was performed after the approval and following the recommendations of the Ethics Committee of the University Hospital of Salamanca and The Code of Ethics of the World Medical Association (Declaration of Helsinki).
All patients had suffered a systemic reaction after a Hymenoptera sting. The diagnosis and treatment of hymenoptera sensitivity was performed following the European Academy of Allergology and Clinical Immunology (EAACI) Interest Group on Insect Venom Hypersensitivity recommendations [15, 16] . Serum samples before and after VIT were obtained, aliquoted and frozen at -80ºC. Aliquots were not thawed more than twice.
Skin prick tests with a battery of common aeroallergens were performed to all patients in order to determine whether the patient was also atopic [17] . Total IgE and specific IgE levels against the venoms of Apis mellifera, Vespula sp and Polistes sp were determined by enzyme immunoassays following manufacturer's recommendations (Phadia CAP system, Uppsala, Sweden).
Array Assay
Serum levels of the following proteins were simultaneously analyzed: Epithelial neutrophil-activating protein 78 (ENA-78), Granulocyte-colony stimulating factor (GCSF), Granulocyte-macrophage colony stimulating factor (GM-CSF), Growth related oncogene (GRO), Growth Macrophage-derived chemokine (MDC), Monokine induced by gamma interferon (MIG), Macrophage inflammatory protein 1 delta (MIP-1 ), Regulated upon activation, normal T-cell expressed, and presumably secreted (RANTES), Stem cell factor (SCF), Stromal cell-derived factor (SDF-1), Thymus and activation-regulated chemokine (TARC), Tumor growth factor beta 1 (TGF 1), Tumor necrosis factor-alpha (TNF ), Tumor necrosis factor-beta (TNF ), Epidermal growth factor (EGF), Insulin-like growth factor-1 (IGF-I), Angiogenin, Oncostatin M, Trombopoyetin, Vascular endothelial growth factor (VEGF), Platelet-derived growth factor BB (PDGFBB) and Leptin. The RayBio Human Cytokine Antibody Array III was employed for the determinations, following manufacturer's recommendations (Raybiotech, Inc; www.raybiotech.com) (Fig. 1) . Each membrane included six positive controls and six negative controls. In addition, Leptin was determined by EnzymeLinked Immunoabsorbent Assay (ELISA) technique (MEDIAGNOST, Reutlingen, Germany).
To avoid non-specific binding membranes were initially blocked with a blocking solution (10% dilution of casein in Maleic acid), for 30 minutes at room temperature and they were overnight incubated with sera at 4ºC with constant shaking. Membranes were then washed with washing buffer. Biotin-conjugated anti-cytokine primary antibody diluted in Blocking Buffer was added and membranes were incubated at room temperature for 2 hours. After that, membranes were washed and incubated at room temperature for 2 hours with a solution of streptavidin tagged to peroxidase, and washed again with wash buffer. Finally, a chemoluminiscent Detection Buffer was added. Membranes were incubated for 5 minutes at room temperature and exposed to a Kodak X-OMAT AR film. Images were also processed in a chemoluminescence imaging device (Luminescent Image Analyzer LAS-1000plus, Fujifilm, Stamford, USA). For each patient, samples were collected before and after specific VIT. Samples were analyzed by duplicate in different membranes (interassay analysis) and each protein was analyzed twice in each membrane (intraassay analysis). A total of four determinations of each protein were performed for each condition.
In order to confirm the putative effects of time course over the IL-10 expression, serum levels of IL-10 were analyzed in a group of 23 untreated patients with the BioPlex® suspension array system (Bio-rad, Hercules, CA, USA) following the manufacture's recommendations. For each patient a sample was collected at an initial stage and another sample was collected six month later. Both samples were stored at -80ºC after being extracted and were analyzed simultaneously for IL-10 determination. For each patient and each time two determinations were performed (four determinations for each patient).
Data Analysis
The signals from the array analysis were processed with Image Reader LAS-1000 (Fujifilm, Stamford, USA) and SpotReader (Niles Scientific, San Francisco, USA) software. For each spot, an intensity value of the signal and a value that included the background signal were obtained. An intensity threshold was calculated with the mean plus two standard deviations of negative values. The spots that did not surpass the intensity threshold were excluded of the analysis after the normalization process.
The ratios from replicate antibody measurements within the same array were averaged. For normalization of the method, the averaged ratios were multiplied by a normalization factor N for each array. This factor was calculated by N=(S L / L )/R L where S L is the ELISA-measured Leptin concentration of the serum sample on that array; L is the mean ELISA-measured Leptin concentration of all the samples; R L is the average ratio of the replicate antibody spots on the array [18] . The Mean Centering method was also applied for normalization. The averaged ratios were multiplied by a normalization factor N for each array that was calculated by N= 1/ , where is the mean ratio of all antibody spots on the array [18] .
Intra-assay precision and Inter-assay precision were also analyzed for this methodology. The coefficient of variation and analysis of correlation were used for this study. Signal differences between cytokine levels before and after immunotherapy were evaluated applying the Wilcoxon Signed Ranks test. SPSS 12 program was used for statistical analysis. A p-value of less than 0.05 was considered statistically significant. Statistical power of the study was also calculated for this sample size. 0.05 was considered as alfa error (http://www.dssresearch.com/toolkit/sscalc/size_a2.asp).
RESULTS AND DISCUSSION
In this study, we have analyzed 42 different proteins in 22 serum samples (a total of 924 determinations) corresponding to the 11 patients treated with VIT. Samples were analyzed in quadruplicate, duplicates for the intra-assay and duplicates for the inter-assay procedures, with a total amount of 4224 spots analyzed, positive and negative controls included (Fig. 1) .
ELISA analysis of Leptin was independently performed as internal standard. The normalization of each array was performed by setting the internal standard to the standard's known values. The effects of different approaches in the normalization procedure were evaluated.
The repeatability between replicate data sets was analyzed by examining both the coefficients of variation (CV) and the correlations between the replicate experiments. The CV of each antibody between the quadruplicate measurements was calculated. The average CVs were compared between the intra and inter-assay. As expected, the average CVs were significantly higher (p<0.001) in the interassay (0.27±0.24) than in the intra-assay (0.06±0.06) analysis.
The average of the intra-assay correlations was significantly higher when we consider the signal (0.94 ± 0.07) than when we consider jointly the signal and its background (0.82 ± 0.13), p < 0.0001 ( Table 1) . After the normalization procedure the average of correlations increased significantly (0.98 ± 0.02) (p= 0.01).
The average of the inter-assay correlations considering just the intensity of the signal (0.90 ± 0.05) was also higher than considering jointly the signal and its background (0.89 ± 0.11), but these differences did not reach statistical signification ( Table 2) . We also observed a higher interassay correlation when the exclusion of the uncertainty points was performed after the normalization process. Correlations of the non-normalized data were compared with the correlations of the normalized data (Tables 1 and 2 ).
Correlations were also significantly improved after the normalization process. b Mean ± standard deviation of correlations when the threshold is applied. *Wilcoxon p < 0.0001 for the comparison of the intra-assay correlation of the signal intensity with the intra-assay correlation of the signal with its background. **Wilcoxon p < 0.0001 for the comparison of the intra-assay correlation of the signal intensity with the intra-assay correlation of the signal with its background when the threshold is applied. †Wilcoxon p = 0.01 for the comparison of the intra-assay correlation of the signal intensity with the Normalized data.
† †Wilcoxon p = 0.011 for the comparison of the intra-assay correlation of the signal intensity with the Normalized data when the threshold is applied. In our study, a very well defined population was selected. Patients were followed during five years and all of them received at least three years of specific VIT. In addition, all patients tolerated a sting field, indicating that VIT had been successful. Atopic patients were excluded to avoid possible confounding factors due to an immunological response to other allergens. In our opinion, this is an appropriate model to analyze the immunological changes that account during specific IT (Immunotherapy). Previous studies focused in specific cytokines have been reported. Thus, de Amici et al., [19] determined serum levels of IL-1 , IL-2, IL-6, and TNF on peripheral blood samples of 11 allergic patients with respiratory symptoms (asthma and/or rhinitis) before and after 3, 6, and 9 months of specific immunotherapy. Recently, Jerzy ska et al., [20] investigated serum levels of IL-1 , IL-6, and TNF in 32 children with allergic asthma before and after 3 and 12 months of VIT.
For this analysis, we employed an array system to study a specific Th1/Th2 panel. Firstly a methodological optimization of the system was performed by combining this method with the ELISA assay as standard. The use of a precise and reliable method for data treatment is essential for an adequate interpretation of the huge amount of information obtained from the assay. The experience on array technology accumulated during the last 15 years has revealed that normalization must be properly used to avoid errors and scientific misleading [21] . Recent studies have shown that array data were incorrectly analyzed many times [22] .
Normalization is the way of correcting possible systematic experimental variation factors to avoid the impact of non-biological effects on the biological data. Hamelinck et al., [18] recently undertook a study to determine the optimal normalization of data from antibody microarray profiling of proteins in human serum specimens. They compared seven different normalization methods representing major classes of normalization for antibody microarray data by their effects on reproducibility, accuracy, and trends in the data set. Some of the methods performed well in one category but not very well in another, showing the value of using multiple criteria for the evaluation. Therefore, putting all of the information together, the ELISA normalization method seems to perform the best. In our study, an analysis of repeatability was performed. The best results were obtained, as expected, in the intra-assay analysis. The correlation analysis was significantly improved after the normalization process and the best results were obtained when the exclusion of the uncertainty points was done after the normalization process.
In this study, we detected a significant increase of IL-10, (Wilcoxon p=0.036) ( Table 3 and Fig. 2) , IL-1 , MCSF, VEGF, MDC and SCF in the sera of patients that received VIT. To discard the putative effects of time over the cytokine expression pattern in the serum samples, a control group 23 untreated patients was analyzed. The geometric mean of IL-10 levels corresponding to the 23 patients sample at the first stage was 3.12 detection units, whereas the same measure for the second stage was 1.67 detection units, although no statistical differences were detected. IL-10 is an anti-inflammatory cytokine that suppresses both Th1 and Th2 responses. It promotes B-cell activation and regulates immunoglobulin class switching. In addition, IL-10 inhibits the production of IL-1 , IL-6, IL-8, IL-12, and TNF by mononuclear phagocytes and the production of IFN and TNF by natural killer (NK) cells. It can also induce the appearance of regulatory T cells [23] . Thus, during allergen immunotherapy IL-10 contributes to the development of tolerance, regulates specific isotype formation and skews the specific response from an IgE-dominated to an IgG4-dominated phenotype [24] . In this sense, up-regulation of IL-10 has been demonstrated following venom immunotherapy [4] . In addition, Nasser et al., reported an increase of IL-10 levels in cutaneous biopsies of patients undergoing wasp venom immunotherapy. Furthermore, PBMC from beekeepers who are hyper-immune to bee stings produces increased IL-10 in response to stimulation with bee venom allergen [25] . In our model of successful VIT, the increase of serum IL-10 levels is in agreement with these data and could serve to monitor immunotherapy. We also noticed a significant increase of Interleukin 1 (IL-1 levels in the sera of patients that received VIT (Wilcoxon p =0.043) ( Table 3 , Figs. 2, 3) . To certain extend some previous reported data related to IL-1 serum levels after VIT are contradictory. Thus De Amici et al., [19] found an increase in serum levels of IL-1 after nine months of VIT, whereas Jerzy ska et al., [20] found no modification of serum IL-1 levels after 12 months of VIT. IL-1 is a potent inducer of IL-10 and also plays a role in early T-cell priming, which has been considered to be one key point of interest in the development of tolerance. Karjalainen et al., [26] showed that the IL1A and IL10 genes were substantially related to the development of cat exposure-induced tolerance. The associations of IL1A and IL10 illustrated in their study indicate that exposure-related tolerance can be a biological phenomenon with demonstrable genetic background. It further remains to be elucidated whether the IL1A and IL10 genotypes mediate the responses in induced tolerance (i.e., in specific immunotherapy) [19] . In this study, an increase of Myeloid Macrophage Colony Stimulation Factor (MCSF) was also observed after immunotherapy (Wilcoxon p =0.028) ( Table 3 and Fig. 2) .
Increased levels of M-CSF in response to IL-1 have been detected in cell culture [27] . In addition, IL-1 can increase the production of M-CSF by vascular cells [28] . It has been reported that M-CSF-conditioned dendritic cell (DC) precursors can participate in the modulation of inflammation and immune response by rapid release of IL-10 [29] . The authors described that M-CSF-conditioned human DC precursors responded to LPS, Mycobacteria bovis, and inflammatory cytokines by a rapid and robust production of IL-10. It has been proposed a synergistic enhancement of IL-2-driven T-cell proliferation induced by CSF [30] . In addition, CSF also co-stimulated the production of interferon (IFN)-gamma by activated T-cells.
An increase of serum Vascular Endothelial Growing Factor (VEGF) levels was also detected in our patients (Wilcoxon p =0.018) ( Table 3 and Fig. 2) . It has been reported that, in vivo, M-CSF increases VEGF mRNA expression in skeletal muscles. Although other authors described an increase in growth factors involved in angiogenesis after allergen exposure in non asthmatic patients with allergic rhinitis [31] . Studies of VEGF during VIT are sparse. Recently, Ciprandi et al., found the same "paradoxical" increase in VEGF levels after sublingual immunotherapy [32] which is in agreement with our findings.
Increased levels of Macrophage Derived Chemokine (MDC) were also detected (Wilcoxon p =0.012) ( Table 3 and Fig. 2) . MDC is a potent chemoattractant for Th2 cells and has been implicated in Th2 type inflammation associated with the development of airway hyperresponsiveness [33, 34] . MDC is processed by the surface serin protease dipeptidylpeptidase IV/CD26 [35, 36] . This protease removes the N-terminal dipeptyde gly-pro. Subsequently, MDC (3-69) is processed by removal of the tyr-gly dipeptide with generation of MDC (5-69). CD26-processed MDC (5-69) lost the capacity to interact with CCR4 and had little chemotactic activity on lymphocytes and dendritic cells. CD26 has been shown to be expressed preferentially and selectively on polarized type I T cells (compared with polarized type II Th2 cells) generating MDC (3-69) and MDC (5-69), which do not attract type II T cells and do not interact with CCR4 [37] . In our array the MDC antibody could simultaneously detect the CD26-processed MDC. We have found no data about levels of MDC during VIT.
We have also detected a significant increase of soluble Stem Cell Factor (SCF) levels in patients after successful immunotherapy (Wilcoxon p =0.018) ( Table 3 and Fig. 2) . Allergic diseases are characterized by a T-cell dependent increase of mast cells. SCF is the most important cytokine responsible for proliferation and mast cell growth. SCF is the ligand of c-Kit receptor and it is synthesized from two alternatively spliced mRNAs as transmembrane proteins. These proteins may be cleaved to produce soluble forms or cellassociated molecules [38] . It has been reported that the c-kit receptor is downregulated by the ligand. The ligand complexes are expected to be endocytosed leading to the down-modulation of the receptor molecules from the cell surface after ligand binding what may serve as a process to desensitize target cells [39] . In addition, it has been described that membrane-bound SCF prolongs c-Kit signaling whereas soluble SCF impedes signaling via c-KIT [40] .
With this experimental choice we can detect putative variations in the serum levels of the cytokines in the patients treated with successful immunotherapy. Due to the restricting criteria of inclusion in this study, the sample size is limited; therefore the statistical power was particularly considered. The statistical power was more than 80% (alpha error of 0.05) for IL-1 and SCF results, considering our population as reference. Indeed, the statistical power was under 80% for the rest of the cytokines that are mentioned. This is mainly due to the fact that the statistical power is greatly influenced by the sample size and in this type of studies is awarded the analysis of a large number of proteins in relatively small but well characterized samples. In our case, 11 patients were followed for a period of 5 years, immunotherapy was administered for at least 3 years and in all cases it was found that patients became tolerant to a sting after receiving the immunotherapy treatment. In addition to the strict clinical characterization, strict experimental rigor was maintained, carrying out more than four thousand determinations. For each patient and each situation the measurement was performed in quadruplicate and all data were subjected to strict normalization criteria. We detected significant differences for 24 cytokines, of which only 7 were selected as potential markers of VIT efficiency because they maintained their significant differences throughout the normalization process. For these reasons we consider that the signification detected for these citokines is robust enough. However, we also would like to mention that this is an exploratory study that aims to identify potential markers and encourage future studies in this direction that can enrich the knowledge in this field and confirm our findings.
In conclusion, this information may be useful to establish a correlation between the variation in the level of expression of the cytokines and the efficiency of the immunotherapy treatment, with the resulting applications in the field of research and diagnosis. In addition, this optimization gives important information regarding to characterization of patients and response to immunotherapy.
It has been claimed that there is an urgent need to identify and validate predictive biomarkers that can be used to monitor allergen immunotherapy and novel assays/biomarkers are currently under development [14] . To the best of our knowledge this is the first cytokine array on successful immunotherapy with hymenoptera venom. This approach could allow a better knowledge of the mechanisms of immunotherapy and could also contribute to the development of predictive biomarkers of successful immunotherapy.
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